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分析（MMCA）的基础上，提出了 minim McMLST 方法，本方法可利用 MLST
序列型（STs）中最少的单核苷酸多态性 (SNPs) 位点达到病原微生物分型的目
的。 
第二章，首先详细的阐述了 minim McMLST 方法的分型原理。然后以沙门
氏菌为模型，对 minim McMLST 技术的可行性进行了初步的研究，建立了双反
应三重荧光 PCR 的沙门氏菌分型体系。利用 Minimum SNPs 软件对 1560 个 STs
进行分析，共筛选出 6 个具有显著分型能力的 SNPs 位点，另外，人工添加了 1
个 SNP 位点，用于区分中国最流行的两种 STs。理论上，这 7 个位点可将 1560
个 STs 分成了 59 种熔解类型（MTs）。本体系的特异性高，重复性好，检测下限
可达到 5 copies/反应。对 167 份标本进行检测，共发现 17 种 MTs。测序验证了
52 份代表菌株，分析显示，探针覆盖区与测序结果完全一致。利用 PHYLIP 软
件的非加权组平均法（UPGMA）对 52 份标本构建了系统发育树，直观显示出，
本方法获得了 17 种 MTs，而 MLST 方法获得了 23 种 STs。相对于 MLST 方法，
计算出本方法的 Simpson's index of diversity（D)等于 0.9818。 
第三章，在上述基础上通过进一步增加 SNPs 位点的选择，探讨提高 minim 
McMLST 分辨率的途径。我们以金黄色葡萄球菌为模型，建立了三管三重的金
黄色葡萄球菌分型体系。该体系所检测的 SNPs 位点增至 15 个，理论上可将 2151

















的 70 份代表菌株显示，探针覆盖区与测序结果完全一致。利用 PHYLIP 的
UPGMA 算法构建了系统发育树，结果表明，本方法获得了 24 种 MTs，而 MLST
方法获得了 29 种 STs。相对于 MLST 方法，计算出 D 值为 0.9884。进一步利用
goeBURST-1.2.1 对 70 份菌株进行了克隆谱系分析，我们的方法未区分的菌株在
MLST 中均被划分到了相同的克隆群中，其溯源分析能力与 MLST 趋于一致。标
































The infectious disease caused by pathogenic microorganism is a challenging issue 
for global public health. Typing of pathogenic microorganisms is helpful for the 
epidemiological investigation, source tracking, and transmission intervention, which 
are essential to control the outbreak of the diseases. An ideal typing method should 
have such advantages as high resolution, ease of use, good repeatability, high 
efficiency, easy automation, and cost-effectiveness. In this dissertation, we proposed a 
novel molecular typing method termed melting curve-based minimum multilocus 
sequence typing (minim McMLST) as such an alternative tool for molecular typing.  
In chapter one, we first discussed the significances of typing of pathogenic 
microorganisms. We reviewed current typing technologies with emphasis on those 
DNA-based methods. A summary of the advantages and disadvantages of these 
methods was given. The features of an ideal molecular typing were discussed. We 
then proposed a new multilocus sequence typing analysis based on multicolor melting 
curve analysis, minim McMLST, by using a minimal number of single nucleotide 
polymorphisms (SNPs) loci within the sequence types (STs) of multilocus sequence 
typing (MLST) method. 
In chapter two, we first detailed the working principle of minim McMLST. The 
feasibility of this method was then studied using Salmonella as a model pathogen. 
According to minim McMLST, we retrieved six significant SNPs from 1560 STs 
according to the Minimum SNPs software. A seventh SNP site was added in order to 
differentiate two endemic STs in China. In silico analysis showed that the above seven 
SNPs could classify 1560 STs of MLST into 59 melting types (MTs) by minim 
McMLST. A dual reaction, triplex real-time PCR assay was established to detect the 
seven SNPs. The assay could accurately and reproducibly type the seven SNPs with a 
limit of detection of 5 genomic copies per reaction. Using this assay, 167 clinical 
isolates could be separated into 17 MTs. Of the 167 isolates, 52 were validated by 

















within the covered range of minim McMLST. Phylogenetic trees analysis of the 52 
isolates using unweighted pair group method with arithmetic mean (UPGMA) 
algorithm showed that 17 MTs were obtained by our method while 23 STs were 
obtained by sequencing analysis. The Simpson's index of diversity (D) of minim 
McMLST was 0.9818 with respect to the sequencing method.  
In chapter three, we further increased the number of SNPs loci to improve the 
discrimination power of the minim McMLST. For this purpose, Staphylococcus 
aureus was used as a model pathogen owing to its wide diversity. Up to 15 SNP loci 
were chosen, which could divide 2151 STs of S. aureus into 288 MTs. A 4-plex 
real-time PCR assay was established in three reactions and each was used for 5 SNPs 
analysis. The established assay was used to analyze 376 clinical isolates, from which 
29 MTs were obtained. Of 376 samples, 70 samples were analyzed in parallel by 
sequencing, which resulted in a 100% agreement with minim McMLST within its 
covered range. Phylogenetic trees analysis of the 70 isolates using UPGMA showed 
that 24 MTs were obtained by our method while 29 STs were obtained by sequencing 
analysis. The calculated D value of the minim McMLST was 0.9884 with respect to 
MLST. Additional clonal complex (CC) analysis of the 70 isolates using 
goeBURST-1.2.1 software showed that those isolates not discriminated by minim 
McMLST, although assigned to different STs, were nevertheless classified as identical 
CC group in MLST. The typing accuracy of minim McMLST was calculated to be 
97.19%. Finally, we determined the drug susceptibility status with respect to 
methicillin for each strain. Interestingly, we observed that there was a strong 
relationship between the MTs and the drug susceptibility status. These results 
indicated the potential usefulness of molecular typing in surveillance of 
methicillin-resistant S. aureus. 
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